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Introduction. In the modern world, special attention is paid to the quality of atmospheric air. One of the major 
contributors to air pollution is the release of harmful substances, including solid particles from industrial activities. 
These particles can accumulate in high concentrations, making it difficult for even the most efficient (up to 95.0%) 
cleaning devices to keep up. That is why the development and improvement of highly efficient air purification devices 
from dust are very relevant. In this regard, as a scientific problem, the authors highlighted the need to improve 
engineering means of air purification from dust by separating the dispersed phase (dust particles) and the dispersion 
medium (air), which ultimately will lead to an increase in cleaning efficiency. The aim of this study is to improve the 
environmental safety of industrial sites of construction industry enterprises and adjacent residential areas by using 
highly effective means of air purification. 

To achieve this goal, we have developed a physics and power-engineering concept and created a block diagram of a 
physical model for reducing air pollution from construction dust. We have also developed a highly efficient and 
economical device for hydrodynamic purification of ventilation air from poorly wetted clumping dust. The experiments 
were conducted to identify the real range of values of the efficiency of air purification from dust. 

Materials and Methods. The research is based on methods of physical modeling, mathematical description, and 
statistical analysis of experimental data. 

Results. As a result of the research, it was found that: 

—the basis for the development of a highly efficient and economical air purification device from various types of 
construction dust could be based on the physics and power-engineering scientific concept proposed by the authors, 
describing the processes of pollution and reduction of air pollution; 

— step-by-step consideration of the process of air pollution could be the basis for scientific justification and description 
of the process of air pollution reduction in the construction industry; 

— based on the analysis of the process of the reduction of air pollution by various types of construction dust, it was 
possible to develop a block diagram of a physical model of this process; 

— the study of the behavior and properties of dust aerosol and external force influences directed at it made it possible to 
outline the main directions, technologies and engineering means to increase the efficiency of the cleaning process and 
develop a highly efficient and economical device that implemented this process; 

— to study the range of changes in the values of the efficiency of air purification from dust, a number of experimental 
studies were conducted in laboratory conditions. 

Discussion and Conclusion. The studies conducted allowed us to determine that an increase in air purification efficiency 
from dust with a SiO content of 20-70% was achieved in the device through a series of design modifications that enhanced 
wetting, bonding, and removal of particulate matter from the air. Simultaneously, high levels of integrated efficiency 
(96.5—98.7%) ensured the compliance with regulatory environmental standards for atmospheric surface air quality. 
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AHHOTalna 

Beedenue. B coppeMeHHoM Mupe ocoboe BHHMaHHe yyeteTCA KaYeCTBY aTMOC(epHoOro BO3yxXa. OWHHM M3 OCHOBHBIX 
(pakTOpOB HeraTHBHOTO BOSJeHCTBHA Ha aTMOc(epy ABIAeTCA BbIOPOC 3arpaASHAIOLIMX BCLICCTB, Cpe KOTOPbIX 
HanOoIee MaccoBo HaOsIOAaIOTCA TBepAbIe (MbVIeEBbIC) YaCTHUbI OT MPOMBbIMVICHHbIX HCTOUHMKOB. IIpH BBICOKHX 
KOHUeCHTpallHAx UbWIM YCTPOMCTBa OYHCTKH, axKe OOayat BbICOKOM 3pdeKTHBHOCTEIO (0 95,0 %), He CIIpaBIAIOTCA C 
Harpy3kol. AmMenHo nmo3sTOMy pa3paOoTKa MU COBeEpIIeCHCTBOBaHHe BbICOKOI((PeKTHBHBIX YCTPOHMCTB OYHCTKH BO3AYxXa OT 
TIbUIH ABJIAIOTCH BeCCbMa aKTYaJIbHbIMH. B cBaA3H C 9THM B Ka4ecTBe Hayd4HOM mpoOsemMbl aBTopaMM BbIyesIeHa 
HeOOXOJMMOCTb COBEPIICHCTBOBAHHA HHKCHEPHBIX CPeACTB OYMCTKM BO3AYXa OT TIBI 3a CUeT paszeIeHHA AMcrepcHo 
(pa3bI (MIbIIeBbIX YacTHW) WH AMCMepCHOHHOM cpeybI (BO3qyxa), YTO B KOHCYHOM CUueTe NPHBeeT K MOBbILICHHIO 
adextuBnoctu ouncTKH. Llembro WaHHOro UCCHeqOBAaHHA ABHMJIOCb MOBBIWeHHe 9IKOIOrMYeCKOM Oe30MacHOCTH 
TeppHTOPH NPOMBMIVICHHBIX WIOMATOK MpeAIpHATHM CTPOMMHAyCTpHU VM MpHIeraroulMx CeMTeOHBIX 30H Ha OCHOBe 
IIPHMeHeHHA YMOMAHYTHIX BbICOKOIPPeKTHBHBIX CpeACTB OUHCTKH BO3YXa OT TIBI. 

J[i1a TOCTWKeHHA MOCTaBICHHOM Wes aBTOpaMH PelIeHb! CileTyouve 3aa4u: IpHMeHeHa (pu3HKO-3HepreTu4eckad KOH- 
Wena U paspadotana OOK-cxema (u3M4eCKOH MOJeNM Mpolecca CHWKEHHA 3arpax3HCHUA BO3AYIIHOM Cpebl pa3zsIH4- 
HbIMM BHJaMM CTPOHMTeIbHOM UbUIM, paspadoTaHO BbICOKOIPeKTHBHOe HM IKOHOMHYHOE YCTpOHCTBO TH_qpoyMHaMuye- 
CKOM OYMCTKH BEHTHJIALMOHHOTO BO3YXa OT TIOXO CMaYHBaeMOl CJIMMAaIOWIeHCA IIbIIH, IPOBeCHbI IKCIePHMeHTAJIBHBIe 
MCCCNOBAHHA JIA BbIABJICHHA PeaIbHOrO Malla30Ha 3HaYeHHH 9(p(PeCKTHBHOCTH OYMCTKH BO3AYXa OT TIbLIM. 
Mamepuanoi u memoooi. B ocHopy WccheqoBaHui aBTOpaMH MONOKeHbI MeTOALI PU3HYeCKOrO MOJeIMpOBaHHA, 
MaTe€MaTHYeCKOrO OMMCaHHA UM CTATHCTHYCCKON OOPaOOTKH IKCICPHMCHTAJIBHBIX JaHHBIX. 

Pe3zyibmamoti uccnedoeanua. B pe3yibTaTe UccIeqOBaHui yCTaHOBJIeCHO, TO: 

— B OCHOBY pa3paOOTKH BbICOKOIPPeKTHBHOTO HM IKOHOMHYHOTO YCTPOMCTBa OYMCTKM BO3AYXa OT pa3JIMYHbIX BHOB 
CTPOHTEIBHOM MEI MOXKeT ObITH NOOKeHA TIpeAIOKeHHaA aBTOPaMU (PU3NKO-9HepreTHyecKad HaydHad KOHUeMUHA, 
OMMCbIBAIOMad MPOLMeCcl 3arpsA3HEHHA HW CHWMKCHHA 3arpASHCHHA BOSAYIUHOM CpeybI; 

—Tlo3TalIHoe paccMoTpeHHe Mpolecca 3arpsx3HeHHA BO3AYWIHOH CpebI MOxKeT ObITh OCHOBOM Hay4Horo OOOCcHOBaHHA Hi 
ONMcaHHa TIpolecca CHWMKEHHA 3arpA3HeCHHA BOBS LYIIHOM CpeAbI MIpeAIPHATHM CTPOHTebHOM HHAYCTpHH; 

— Ha OCHOBaHHM BBINOJIHCHHOTO aHasiIM3a Wpolecca CHWKeHHA 3arpA3HCHHA BO3SAYIIHOM cpeybl pa3yIM4HbIMH BHaMu 
CTPOHTEJIBHOM MbUIM BO3MO2%KHAa pa3spaooTkKa OIOK-CXeMbI (PU3H4eECKOM MOJeNH STOTO polecca; 

— w3ydeHHe OcobeHHOCTeH MOBeeHHA H CBOMCTB MbIIeBOTO adPpO30JA H HallpaBJICHHbIX Ha HeTO BHECINHHX CHJIOBBIX 
BO3CHCTBHH aeT BOSMOXKHOCTh HaMCTHTb OCHOBHbIe HallpaBsICHHA, TEXHOJIOTHM HU MHXKCHEPHbIe CpeACTBa MOBBIILe- 
HUA 9(/pPeCKTHBHOCTH Mpolecca OYMCTKU U pa3spaOoTaTb BLICOKOIPPeKTHBHOe H IKOHOMHMYHOE YCTPOMCTBO, PealIH3y10- 
wee STOT MpoLecc; 

— JIA HCCHeOBaHHA WMana30Ha W3MeHeHHA 3HaYeHHHM 9~pPeKTHBHOCTH OYMCTKH BO3AyxXa OT TIBI MpoBeyeH pay 
9KCIICPHMCHTAIbHBIX UCCICLOBaHH B JaOOpaTOPHbIX YCOBHAX. 

O6cystcoenue u 3aK1104enue. BEItionHeHHble UCCeAOBaHHA MO3BOJIMIM YCTaHOBUTb, YTO MOBbILMIeHHe 9¢)(peKTHBHOCTH 
OYMCTKH BO3LyXa OT UbLIM C CoyepxKaHueM OT 20 Wo 70 % SiOz o6ecneuuBaeTca B YCTPOlicTBe 3a CUeT pala KOHCTPyK- 
THBHBIX M3MCHeEHHH, IpMBOWALWIMX K HHTCHCHUKAaMH CMauMBaHHA, CBA3bIBAHHA HM yasIeHHA M3 BO3YxXa IIbICBbIX 
yactuy. IIpu 9Tom BbIcoKve 3HayeHHA (96,5—98,7 %) uHTerpasbHol sddekTHBHOCTH OOecMedHBalOT HOPMaTHBHBbIe 
9KOJIOrM4eCKHe TpeOoBaHHA K KaYeCTBYy BO3yxa IIpH3eMHO"O COA AaTMOC(epsl. 


Ksrouesblie c10Ba: 3kONOTMYeCKad Oe30MaCHOCTb, MbUIeMOaBIeHHe, YCTPOiCTBO OUMCTKH BO3yxa, MOBbIMIeHHe 
93ddeKTHBHOCTH 


BaarogapHoctu. Astroppl OaroqapaT MoOKTOpa TexXHH4YeCKHX Hayk, Mpodeccopa, 3aBesyroulero Kadexpori 
«II pou3BoycTBeHHad Oe30racHocTb» C.JI. lymenko 3a coyelicTBue B OpraHH3allHu JaOopaTOpHBIX IKCIICPHMCHTOB. 
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Introduction. Currently, dry construction mixes are in high demand among various construction-related consumers. 
In particular, the production of highly dispersed binding materials such as gypsum, cement, tile adhesive, and facade 
adhesive occupies a special place [1, 2]. During the preparatory stage of production, raw materials such as clinker are 
sieved and crushed (ground) in accordance with standards. General manufacturing process of any dry building material 
includes filling with crushed raw materials, mixing different ingredients, and packaging the mixture. However, the 
specific technologies may vary depending on the recipe for the mixture, the initial product, the number and type of 
ingredients used, and the corresponding equipment. 

From the perspective of ensuring the required environmental standards for dust particle content in the air at 
industrial sites of companies producing building materials and binders, the areas where the most intense dust formation 
occurs are during the crushing of raw materials [3]. It is during this process that the main types of construction dust are 
formed, including cement, gypsum, and sand, with SiO, content ranging from 20% to 70%, and with particle sizes 
primarily of PM2.5 and PM10. With subsequent release, this dust leads to an excess of MPC in the air of the working 
areas of construction industry enterprises and maximum single MPC (average daily MPC) in the air of the surface layer 
of the atmosphere of both at the industrial sites and in adjacent residential areas. The negative effects of this dust 
include its potential to enter the human body via the respiratory system, gastrointestinal tract, skin, and mucous 
membranes, causing various health problems. At the same time, it is the smallest particles, with sizes of PM2.5 and 
PM10 that pose the greatest danger [1, 4]. 

As aresult, for the main types of industrial dust listed above, there is an excess of the corresponding MPC values by 
5-25 times. This ranges from 10 to 300 milligrams per cubic meter (mg/m*) without the use of engineering dust 
suppression measures. This state of the air environment has a negative impact on employees of enterprises and the 
population in adjacent territories [5—7]. It should be noted that while the use of modern dust suppression devices, such 
as dust collection devices (exhaust hoods, umbrellas, etc.) effectively meet sanitary and hygiene requirements by 
removing dust from industrial premises, it also creates high concentrations of dust that even advanced air purification 
systems with high efficiency (up to 95.0%) cannot completely eliminate. Thus they do not ensure the compliance with 
environmental regulations. This is a scientific problem related to improving engineering methods for removing dust 
from air emitted into the atmosphere, with the aim of increasing the efficiency of dust removal (over 96.0%). Therefore, 
the goal of this research is to develop highly effective and modern technologies and tools for dust suppression in order 
to improve the environmental safety of construction industry sites and adjacent residential areas. 

Materials and Methods. The study used an analytical method for studying accumulated experience in the 
scientific and technical field, as well as methods for constructing a physical model combined with a mathematical 
description of the resulting characteristics of this process. In addition, methods of statistical processing of the results 
of laboratory studies obtained by the authors and comparing them with the results of similar studies by other 
scientists were used. 

At the same time, a device was selected as the object of research for purifying the air from dust emitted by 
construction industries, which is one of the main stages in the dust suppression process. The effectiveness of this 
process depended on the basic physical and chemical properties of the dispersed phase and the dispersion medium of 
the dust aerosol, as well as on external factors that could destroy it. The subject of the study was to improve the 
efficiency of air purification devices in order to ensure environmental safety in industrial sites and adjacent residential 
areas of construction enterprises. 

The most suitable approach for the development of a device for purifying air from dust with a concentration 
of 20-70% SiOz was based on the use of the physical and energy concept [5]. This approach allowed for establishing 
physical connections between all components of the pollution reduction process, including dust aerosol, cleaning 
device, and external forces. It also allowed for outlining technologies to improve the efficiency of the cleaning process 
and developing the design of an effective air purification device for specific conditions and types of dust generated by 
construction industry enterprises. 

Results. The development of a highly efficient and economical air purification device from construction dust was 
based on the physics and power engineering scientific approach proposed by the authors. This approach allowed us to 
describe the processes of pollution and air pollution reduction [5—7]. This concept was based on the consideration of the 
dispersed “pollutant” system, which changed the parameters of its state in the process of air pollution and passed from 
one quality (dust material) to another (dust aerosol) [5, 8]. Thus, when processing raw materials (construction materials) 
on technological equipment, the formation of dust particles and the formation of dust material was observed. Then the 
formed dust material was released into the air of production room and a dust aerosol was formed. And finally, the dust 
aerosol, spreading in the space of the production room, was released into the air of the surface layer of the atmosphere 
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of the territories of industrial sites of construction industry enterprises and adjacent residential areas with subsequent 
dispersion. 

At the same time, it should be noted that the stages of dust formation and internal release allowed dust particles to be 
returned to the initial technological material, which was advantageous from an environmental and economic 
perspective, but not always feasible in terms of the requirements of technological regulations. Other stages were 
associated with the aerosol state of dust, where dust particles were suspended in air and could not be easily separated 
from the aerosol for subsequent return to the technological raw material, or cause significant difficulties. 

A step-by-step analysis of the air pollution process formed the basis for a scientific justification and description of 
how to reduce pollution from the considered types of dust in the air surrounding construction industry facilities. At the 
same time, there was a clear correlation between the stages of pollution reduction and the stages of atmospheric 
pollution [8, 9]: 

— the first stage: binding of dust particles formed during the processing of raw materials on technological equipment; 

— the second stage: detention of unbound dust particles in the area where processed raw materials weare located, 
including those formed within the internal volume of the production facility; 

— the third stage: capture of dust aerosols released into the internal space of the production area in order to prevent 
the spread of dust particles within a designated limited area. Removal of these particles from the zone and transportation 
to a cleaning area; 

—the fourth stage: purification of air (dispersion medium) from dust particles (dispersed phase) of dust aerosol 
captured and released into the surface layer of the atmosphere through maximum separation; 

— the fifth stage: dispersion of the remaining amount of dust particles after purification, immediately before their 
release into the surface layer of the atmosphere. This was done by intensively separating dust particles during their 
release and accelerating gravitational seeding in a pre-selected, strictly limited area on the industrial site. This additional 
measure helped to reduce the concentration of dust particles in the atmosphere to levels below the MPC maximum 
single (MPC mean daily). 

The main goal of each stage in the pollution reduction process was to decrease the stability and, ultimately, the 
destruction of the dust aerosol as a dispersed system by using pre-determined parameters of external influences applied 
to it of various physical natures. 

The analysis conducted by the authors has allowed them to examine the process of air pollution reduction, which 
was implemented in two main cycles [8, 9]: 

Cycle I was the reduction of pollution of technological raw materials (technological equipment), which included the 
development of new or improvement of the existing basic production equipment and the organization of technological 
processes that excluded the stages of formation and release of pollutants; 

Cycle II was the reduction of air pollution, which included the use of additional engineering devices, structures, and 
devices in the current or projected technological process that localized the spread of dust aerosol and ensure its 
destruction as a dispersed system. 

It should be noted that activities related to the first cycle were often not possible due to violations of requirements 
for raw materials and technical processes. Therefore, the authors have laid the foundation for further research and 
development of a second cycle of measures to reduce air pollution. 

Thus, the main goal of the second stage of the air pollution reduction process was to eliminate dust aerosol particles 
by separating them from the air. This was achieved through the consistent implementation of several stages, including 
dust capture, air purification, and dispersion of the remaining dust in the atmosphere. Let us consider the physical 
foundations of each of the stages of Cycle II. 

As a result of the research, the authors found that the physical essence of the dust capture process consisted in 
purposeful exposure to the released dust aerosol with pre-prepared parameters, or additional (JI—-II.1) dispersed system, 
or a force field leading to the formation of two dispersed systems [8, 10]: 

— residual (O-II.1) dispersed system, which contained a minimum amount of dust particles as a dispersed phase 
(focused on compliance with the MPC maximum single), and which spatially remained and spread in the internal 
volume of the production room (air of the working area); 

— intermediate (II-II.1), which contained the maximum amount of dust particles trapped and removed from the 
emission zone, and which had increased stability in the dust aerosol state. 

Further research by the authors also made it possible to reveal the physical essence of the air purification process 
from dust. This process involved the purposeful exposure to solid particles of dust aerosol (intermediate (II-II.1) 
dispersed system) in the active cleaning zone after capture with pre-prepared parameters or additional (J]-II.2) dispersed 
system, or a force field leading to the formation of two dispersed systems [8, 10]: 

— residual (O-II.2), which contained the maximum amount of dust particles as a dispersed phase and has increased 
stability after passing into the state of a dust material, accumulated in special dust collectors (accumulators); 
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— intermediate (II-II.2), which contained a minimum amount of dust particles as a dispersed phase (aiming for compliance 
with the MPC maximum single or MPC mean daily). It was then released into the surface layer of the atmosphere. 

Further research by the authors has also allowed them to reveal the physical nature of forced dispersion of remaining 
dust particles in the atmospheric surface layer, which occurred when the purification process failed to achieve a 
concentration of dust at environmentally significant points in the surface atmosphere that corresponded to the MPC 
maximum single (MPC mean daily). Thus, the physical essence of the process of scattering dust particles consisted in 
the purposeful effect on solid particles of a dust aerosol (intermediate (II-II.2) dispersed system) in the active 
dispersion zone after cleaning with pre-prepared parameters, or an additional (JI-II.3) dispersed system, or a force field 
leading to the formation of two dispersed systems [8, 10]: 

— residual (O-II.3), which contained the main amount of emitted dust particles as a dispersed phase, and which in 
the airspace outside ecologically significant zones was subject to intensive deposition on the underlying surfaces, 
having increased stability during the transition to the state of dusty material; 

— residual (O-I1.4), which contained a minimum amount (aiming for compliance with the MPC maximum single or MPC 
mean daily) dust particles as a dispersed phase, and which remained floating in the surface layer of the atmosphere. 

Based on the analysis of the reduction of air pollution caused by various types of construction dust, the authors have 
developed a block diagram of a physical model of this process, taking into account the two cycles discussed above for 
the conditions of implementation of technological processes at enterprises of the construction 
industry (Fig. 1) [8, 11, 12]. 

A visual representation of the flowchart for the physical model of air pollution reduction allowed us to draw several 
conclusions. Firstly, despite the numerous advantages, the initial cycle of the pollution reduction process under real- 
world conditions and the organization of technological processes at construction industry enterprises were 
overwhelmingly not implemented due to violations of technical regulations. 

Secondly, within the framework of Cycle II, the capture stage determined the effectiveness of ensuring sanitary and 
hygiene standards in the air in work areas of industrial premises. In modern conditions, technological processes at 
construction industry enterprises were provided with very efficient and economical engineering solutions, such as 
exhaust hoods, panels, and other structures. 

Thirdly, within the framework of Cycle II, the stage of forced dispersion of the remaining dust particles in the 
surface layer of the atmosphere was auxiliary to the air purification process and was used in very rare cases. 


Q 
+ 


Additional (JJ —I.1) dispersed system 
BINDING of dust particles 
Tic A- ee WsA- i UAH 


Initial dispersed system 
Construction dust formation zone 
TIC’, Ws", U" 


Intermediate (II-I.1) dispersed system Additional (JJ-I.2) dispersed system 
RETENTION of dust particles 


ric A- _ Ws - _ UA —1.2 


Raw material processing area 
1-11 HL ,jM-1l 
TIC , Ws rae 


Residual (O-I.1) dispersed system 
Additional (J1-II.1) dispersed system 


CAPTURE of dust aerosol 
wca- WA, Ws4- m1 Use 


Returns to the technological process Intermediate (II-I.2) dispersed system 


THCO-1. ws, 0-Fl yo-l Distributed indoors 


TIC Il- 12 Ws II- nee ul -12 


Residual (O-I.2) dispersed system - - — - 
Intermediate (II-II.1) dispersed system Additional (JI-II.2) dispersed system 
CLEANING the air from dust particles 


TIC 4-12, We A-t2, ya-2 


Returns to the technological process 


TIC 0-2, ws0-12, yo-2 Sent for cleaning 


Tic! Ws IHL Ul tl 


Residual (O-II.1) dispersed system 


Intermediate (H-II.2) dispersed system Additional (JI-II.3) dispersed system 


Enters the surface layer of atmosphere SCATTERING of dust particles 
TIC 0-21, Ws 0-H, yO-n TIM? welt2 yi TIC2-H3, WeA-13, Ys 


Remains in the air of the work area 


Residual (O-II.2) dispersed system Residual (O-II.4) 


Technosphere Safety 


Accumulates in special dust collectors 
TC 0-12. w, 0-12 yo-12 


Remains in the atmosphere 


ric O- M4, Ws O- ae yo —IL4 


Residual (O-II.3) dispersed system 


Localized on the deposition surface 


Tic O- 113 Ws O- N13 yo - 11.3 


Fig. 1. Physical model of the process of air pollution reduction 
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Thus, the authors based their practical developments on the stage of air purification from various types of 
construction dust, for which the possibilities of increasing efficiency were far from exhausted. Improving the efficiency 
of cleaning agents was possible on the basis of the theoretical research results presented above and, in particular, the 
flowchart of the physical model for air pollution reduction [13-15]. 

The study of the behavior and properties of dust aerosol and external dispersed systems or force influences directed 
at it during the cleaning process allowed the authors to outline the main directions, appropriate technologies and 
engineering means to increase the efficiency of the cleaning process. One of the brightest representatives of such means 
was a highly efficient and economical device developed by the authors, designed for hydrodynamic purification of 
ventilation air (Fig. 2). 

The main structural element of the developed device is its cylindrical body (1), which ends in conical section (2). 
Partially inside and partially outside body (1) there is cylindrical chamber (3) with bottom (4) in the shape of a cone. In 
this case, chamber (3) is divided by solid hollow bump cone (5) into two parts: the lower and the upper. Slotted air 
intakes (6) are located on the inner side surfaces of these parts. Inlet tangential inclined branch pipe (7) and outlet 
tangential branch pipe (8) are connected to the side surfaces of the upper and lower parts of chamber (3). Branch 
pipe (7) in plan enters body (1) in its upper part “counterclockwise”, and branch pipe (8) — in its lower part 
“clockwise”. In this case, branch pipes (7) and (8) face the same side. 


Dusty air 


Irrigation 
liquid 


Dusty air 


Purified air 


Purified air 


Sludge in the drainage 


a) 6) 


Fig. 2. Device for hydrodynamic purification of ventilation air from poorly wetted clumping dust formed at enterprises 
of the construction industry: a — front view; b — top view 
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Slotted air intakes (6) mentioned above are made in the form of rectangular slotted holes. Moreover, in the upper 
part of chamber (3), the edges of slotted air intakes (6) are bent inside chamber (3), and in the lower part — outwards so 
that the air flow is captured in both the upper and lower parts. 

The lower part of chamber (3) is equipped with cone (9), which is combined with conical section (2), and the base is 
located along the lower edge of air intakes (6). Hydrodynamic cleaning system in the device includes three stages: 

— two nozzles (10), which are tangentially directed along the incoming flow of dusty air; 

— annular perforated pipeline (11) installed under the upper wall of body (1) in an annular cavity between the walls 
of body (1) and chamber (3) with exit holes directed vertically downward; 

—a hydrofilter formed by a continuous liquid film flowing from the edges of cone (9). 

The principle of operation of the device is as follows. The dusty air flow from the technological equipment enters 
inlet tangential pipe (7), and then go into the inner cavity of the upper part of chamber (3) and is irrigated with droplets 
of liquid, which moisten, bind and remove a certain amount of dust particles from the stream (the first stage of 
purification) and which are formed using nozzles (10). As a result of irrigation, the sludge moves through chamber (3) 
from top to bottom onto bump cone (5). And the dust and gas-liquid mixture, thanks to air intakes (6) with inward- 
curved edges and installed solid hollow cone-bump (5), is removed from the upper part of chamber (3) into the annular 
cavity between it and body (1), falling into a dense annular drip-liquid curtain, which also captures a certain amount of 
dust particles (the second stage of purification) formed by annular perforated pipe (11). 

At the same time, flowing down from the surface of bump cone (5), the sludge forms a dense annular film curtain 
(the third stage of purification), which moistens and binds a significant part of dust particles. After passing through this 
curtain, the residual dusty flow is captured by the outward-bent edges of air intake (6) in the lower part of chamber (3) 
and returns to its inner cavity. 

Ultimately, the total sludge flow from the annular cavity between chamber (3) and body (1) flows down conical 
section (2) of body (1), and then along cone (9), forming another annular film curtain with different film thicknesses 
(fourth stage of purification), which increases towards the outlet The sludge is discharged from the device through 
conical bottom (4). Thus, after passing four stages of purification sequentially, the air stream, as free from dust particles 
as possible, is released into the atmosphere through outlet pipe (8). All the above-described design features of the 
developed device determine its integral efficiency in cleaning the air from dust. 

To investigate the range of variations in the efficiency values, the authors performed a series of experiments in 
laboratory settings. During these experiments, the overall efficiency of air purification from dust containing from 20 to 
70% SiOz (sand dust) was measured. The average median diameter of dust particles was 50 um, and the bulk density of 
dust material was 1,860 kg/m. The dust had a weak adhesion with a breaking strength of 200 Pa and an angle of natural 
inclination of 57°, while the marginal wetting angle was 10°. The researchers changed the design and parameters of 
bump cone (5) as well as the design and position of slit air intake (6) to study their effects on the efficiency. The results 
of the research are presented in Tables | and 2. 


Table 1 
Experimental values of integral efficiency E,», %, of air purification from dust containing from 20 to 70% S102, 
depending on the design of bump cone (5) and the location of slit air intakes (6) with other optimal design solutions 


Design of the bump cone (5) 


Location of the slit 


Th f th Th f th 
aie atanen (Gyan The edges of the bump cone e edges of the bump cone e edges of the bump cone 


eacouraatak coincide with the walls of the protrude beyond the form a gap with the inner walls 
‘ aia G3) chamber (3) chamber (3) of the chamber (3) 
conic | spherical} ellipsoid conic |spherical| ellipsoid | conic | spherical | ellipsoid 
Along the entire 
height of the 86.9 85.7 83.9 98.7 98.5 91.8 85.2 84.8 83.1 
body (1) 
On the upper and 
lower parts of the 
charey 84.1 | 83.8 83.5 95.3 | 94.9 88.6 83.2 82.9 | 82.6 
partially along the 
height of the 
body (1) 
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Table 2 
Experimental values of integral efficiency Ead, %, of air purification from dust containing from 20 to 70% SiO2, 
depending on the design of slit air intakes 


At the top of the camera (3) 
Design of the slit air intakes (6) in the plan 
with the edges bent outward in the with the edges bent inward 
direction of flow towards the flow 
— erik pent 95.8 98.7 
At the bottom of the 
pamere With the edges spread 
93.4 97.2 
outwards 


Discussion and Conclusion. The analysis of the experimental results in the laboratory leads to the following 
conclusions: Based on Table 1, we can see that the maximum value of integral Ey, with SiO2 content between 20 and 
70%, is 98.7%. This occurs when slit air intakes (6) are positioned in the upper part of chamber (3), along the entire 
height of body (1). 

According to Table 2, it can be seen that the same maximum value of integral E,4 containing from 20 to 70% SiOz. 
amounting to 98.7%, is ensured by the fact that in the design of slit air intakes (6) in the plan in the upper part of 
chamber (3) the edges are bent inward towards the flow, and in the lower part of chamber (3) the edges of slit air 
intakes (6) are bent outward. 

In conclusion, it should be noted that an increase (up to 96.5—-98.7%) of E,) containing from 20 to 70% SiO>2 is 
provided in the proposed device due to a number of design changes leading to an intensification of wetting, binding and 
removal of dust particles from the air. 

For example, the installation of nozzles (10) and annular perforated pipe (11) increases the likelihood of meeting 
and trapping dust particles by droplets of dispersed liquid. At the same time, the aerodynamic characteristics of the dust 
and gas-liquid flow during irrigation are maintained constant. 

In addition, cylindrical chamber (3) coaxially passed through body (1) of the device helps to maintain a uniform 
distribution of the swirling air flow when it exits chamber (1) through slit air intakes (6). 

The design of bump cone (5) makes it possible to evenly distribute the air coming from the volume of chamber (3), which, 
in turn, contributes to the formation of a dense curtain in the form of an annular film, which acts as an additional cleaning 
filter (the third stage of purification) installed in the path of a dust and gas-liquid stream swirled in the annular cavity. 

The sequential movement of the dust-air flow into the cavity of the device through all air purification zones from 
dust is provided by air intakes (6). At the same time, the shape and location of the edges of the slots allow to stabilize 
the aerodynamics in the cavity of the device. 

Moreover, an additional contribution to improving efficiency is made by cone (9), the shape and location of which 
create an additional annular film curtain with different film thicknesses (the fourth stage of purification). It is created in 
the path of the air flow due to the runoff of sludge from the edges of the smaller base of cone (9) and increases in 
thickness towards outlet pipe (8). Also, the design of cone (9) ensures the removal of sludge from the device in the area 
of removal of purified air with a significant reduction in drop entrainment into outlet pipe (8). At the same time, the 
slope of outlet pipe (8) helps to reduce drop entrainment. 

It should be noted that in order to ensure stable, reliable and all-season operation of the device, it is necessary to use 
aqueous solutions as an irrigation liquid that do not freeze even at negative ambient temperatures. If water is used, the 
device must be kept in closed, heated rooms. 

In conclusion, it should be noted that the developed air purification device from dust with all the design features 
described above provides the required integral efficiency, due to high values (96.5—98.7%), which, in turn, complies 
with regulatory environmental requirements for the air quality of the surface layer of the atmosphere. 

Thus, as a result of the research, the final goal was achieved — the possibility of improving the environmental 
safety of industrial sites of construction industry enterprises and adjacent residential areas was determined by 
developing and applying highly effective (at least 96.0%) modern technologies and dust suppression tools, which 
included the device proposed by the authors for cleaning air from dust containing from 20 to 70% SiOb. 
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O6 aemopax: 

Bagum Mropesusy becnasos, JoKTOp TexHHYecKHX Hayk, Upodeccop, 3aBexyIoWMi Kadeqpo MHKeHepHOM 3all{HTbI 
okpyxKaromleH cpenbr JJonckoro rocyyjapcTBeHHoro TexHwYecKoro yHuBepcuteta (344003, Poccuiickaa Degepauna, 
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Oxcana Cepreepua Typosa, JoKTop TexHW4ecKHX HayK, JOMeHT, Wpodeccop KadepEl HHKeHepHOM 3alUTHI 
okpyxKarolleli cpeyzbr JJoHcKoro rocynapcTBeHHoro TexHuyeckoro yHuBepcuTeta (344003, Poccniickaa Denepauna, 
r. Poctos-Ha-JJony, m1. Darapuna, 1), SPIN-Kog: 1852-507, ORCID, ResearcherID, ScopusID, okgurova@yandex.ru 


3aneiennoli 6knad aesmopos: 
B.H. Becnasos: dopMupoBaHve OCHOBHOM KOHICHIMH, Wes HU 3aqa4 UccieqoBaHHA, HAYYHOe PYKOBOLCTBO. 


O.C. Typosa: aHamu3 pe3yibTaTOB UccieqOBaHHii, KOppeKTMpoBKa BBIBOZOB, Trpaduueckoe odopmieHue, 
opa0oTka TekcTa. 


Kongsukm unmepecoe: aBropbi 3aABAAIOT 00 OTCYTCTBHM KOH@IUKTA HHTepecos. 
Bee aemopot npowumau u odobpunu oKoHYaMeloHnoll 6apuanm pyKonucu. 
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